Objective: Advancements in cardiothoracic surgery prompted investigation into changes in operative management for acute type A aortic dissections over time.
Results: Frequency of valve sparing procures increased (T1: 3.9%, T2: 18.6%, and T3: 26.7%; trend P < .001). Biologic valves were increasingly utilized (T1: 35.6%, T2; 40.6%, and T3: 52.0%; trend P ¼ .009), whereas mechanical valve use decreased (T1: 57.6%, T2: 58.0%, and T3: 45.4%; trend P ¼ .027) for aortic valve replacement. Adjunctive cerebral perfusion use increased (T1: 67.1%, T2: 89.5%, and T3: 84.8%; trend P <.001), with increase in antegrade cerebral techniques (T1: 55.9%, T2: 58.8%, and T3: 66.1%; trend P ¼ .005) and hypothermic circulatory arrest (T1: 80.1%, T2: 85.9%, and T3: 86.8%; trend P ¼ .030). Arterial perfusion through axillary cannulation increased (T1: 18.0%, T2: 33.2%, and T3: 55.7%), whereas perfusion via a femoral approach diminished (T1: 76.0%, T2: 53.3%, and T3: 30.1%) (both P values<.001). Hemiarch replacement was utilized more frequently (T1: 27.0%, T2: 63.3%, and T3: 51.7%; trend P ¼ .001) and partial arch was utilized less frequently (T1: 20.7%, T2: 12.0%, and T3: 8.4%; trend P < .001), whereas complete arch replacement was used similarly (P ¼ .131). In-hospital mortality significantly decreased (T1: 17.5%, T2: 15.8%, and T3: 12.2%; trend P ¼ .017).
In-hospital mortality rates dropped significantly over the course of 20 years.
Central Message
Operative strategy in the management of type A aortic dissection changed and in-hospital mortality dropped significantly over a 20-year timespan.
Perspective Statement
Over 20 years an increase was seen in the use of valvesparing procedures, bioprosthetic aortic valve substitutes, antegrade cerebral perfusion strategies, and hypothermic circulatory arrest. With ever-evolving techniques, outcomes of surgical management of type A aortic dissection will continue to improve.
See Editorial Commentary page S80. Acute aortic dissection is a lethal cardiovascular event, with an early mortality rate of up to 1% to 2% per hour if left untreated. [1] [2] [3] For type A aortic dissection (TAAD), urgent surgery is indicated, with lower mortality than either medical or endovascular treatment. 1, 4, 5 During the past several decades, cardiovascular surgery has evolved, with many advances in pharmaceuticals, devices, and procedures. 6 The Interventional Cohort database (IVC) was established in 2006 as a subcohort of the International Registry of Acute Aortic Dissections (IRAD) database. Patients were included prospectively from 2006 to the present and retrospectively before 2006. The IRAD-IVC database was initiated to provide more detailed insight into surgical techniques and procedures for aortic dissection. We queried this database to investigate trends in operative management from 1996 to 2016.
METHODS

Patient Selection and Data Collection
IRAD is an observational data registry whose retrospective data collection methods have been detailed previously. 1 Within IRAD, a subset of patients from participating sites that undergoes either surgical or endovascular intervention is included in the IVC Program. Details from the procedures performed at baseline are recorded on a separate, standardized form and entered into an online database managed by the IRAD coordinating center at the University of Michigan. Data are reviewed for face validity and completeness. Institutional review board approval for this study was obtained at each participating institution.
From all patients enrolled in IRAD-IVC, only TAAD patients undergoing operative repair or surgical procedure as part of a hybrid procedure were 
Statistical Analysis
Analysis of variance was performed between groups. Pairwise comparison was done to assess significance between groups, with Student t test and Fischer exact test (or nonparametric tests) used where appropriate. Trend P values were calculated using linear by linear association (Mantel-Haenszel test of trend). To determine independent associations, binary logistic regression analysis was used. Candidate variables with a significance <0.20 during univariate analysis were introduced to the model after considering clinical relevance. SPSS version 21.0 software (IBM-SPSS Inc, Armonk, NY) was used to conduct the analyses.
Furthermore, we applied a mixed model approach, containing both fixed and random effects. A mixed model is particularly useful for clusters of related statistical units. This approach was used to ensure that the effect of hospitals joining the registry in the later years did not create an unintended bias.
RESULTS
Demographic Characteristics and In-Hospital Outcomes
Mean age was different between the groups (P ¼ .011). There were no gender-related differences. In-hospital mortality decreased over time (T1: 17.5%, T2: 15.8%, and T3: 12.2%; trend P ¼ .017) ( Table 1) .
Aortic Valve and Root Management
When aortic valve replacement was required, use of biological valves increased over time (T1: 35.6%, T2: 40.6%, and T3: 52.0%; trend P ¼ .009), with a corresponding decrease in mechanical valve implantation (T1: 57.6%, T2: 58.0%, and T3: 45.4%; trend P ¼ .027). All results are shown in Table 2 . Use of valve sparing procedures, including Yacoub remodeling or David reimplantation, increased over time (T1: 3.9%, T2: 18.6%, and T3: 26.7%; trend P <.001) (Figure 1 ), with no difference in use of remodeling or reimplantation surgical techniques (trend P ¼ .216). All results are shown in Table 2 .
Coronary ostium repair was used more often in the later years (T1: 4.3%, T2: 11.9%, and T3: 15.0%; trend P<.001), whereas the frequency of concomitant coronary artery bypass graft (CABG) procedures was similar over time.
Ascending Aorta Management
An open distal anastomosis was used most often across all time periods. Supracoronary ascending replacement changed over time (T1: 76.4%, T2: 72.5%, and T3: 81.7%; trend P ¼ .004). The use of surgical glue declined over time (T1: 74.4%, T2: 68.4%, and T3: 45.0%; trend P < .001), as did the use of polytetrafluoroethylene felt (T1: 89.3%, T2: 85.3%, and T3: 76.7%; trend P <.001). Right axillary artery cannulation for inflow was used Scanning this QR code will take you to the article title page. Aortic Arch Management and Cerebral Perfusion Strategies Hemiarch replacement increased over time (T1: 27.0%, T2: 63.3%, and T3: 51.7%; trend P < .001) (Figure 2 ), whereas partial arch use decreased (T1: 20.7%, T2: 12.0%, and T3: 8.4%; trend P <.001). The percentage of complete arch replacements was similar (trend P ¼ .131) (Figure 2) , there was an increase in use of single arterial buttons (T1: 1.5%, T2: 5.5%, and T3: 7.3%; trend P ¼ .003), whereas branched graft use, which was the most frequently adopted, did not increase (trend P ¼ .600). Elephant trunk techniques were used more often over time (trend P ¼ .002), whereas frozen elephant trunk use did not increase (trend P ¼ .914). All results are shown in Table 3 .
Abbreviations and Acronyms
The overall use of cerebral perfusion increased over time (T1: 67.1%, T2: 89.5%, and T3: 84.8%; trend P <.001).
No hypothermic circulatory arrest (HCA) use decreased over time (T1: 21.0%, T2: 14.4%, and T3: 14.0%; trend P ¼ .028), use of HCA only decreased (T1: 27.8%, T2: 6.7%, and T3: 8.6%; trend P<.001), HCA with antegrade cerebral perfusion increased (T1: 22.0%, T2: 43.4%, and T3: 50.8%; trend P<.001). HCA with retrograde perfusion did not show a clear trend over the time periods (T1: 29.3%, T2: 35.5%, and T3: 26.6%; trend P ¼ .040). All results are shown in Table 4 .
The median temperature used for no HCA was 26. 
Multivariate Analysis
In multivariate logistic regression analysis, adjusted for time period, we introduced the following variables: age, history of chronic renal insufficiency, renal failure, hemiarch replacement, gender, chronic obstructive pulmonary disease, pulse deficits, race, hypotension/shock/tamponade, prior cardiac surgery, use of commissural resuspension, aortic valve replacement, noncoronary sinus replacement, Values are presented as N (%); age is presented as mean (standard deviation).
FIGURE 1.
Valve-sparing techniques.
FIGURE 2. Hemiarch, complete arch, and partial arch replacement.
valve-sparing procedure, simple ascending replacement, complete arch replacement, use of single arterial button, elephant trunk procedure, use of polytetrafluoroethylene felt, concomitant CABG procedure, use of HCA, type of cerebral perfusion, and cannulation site. In the final model age, chronic renal insufficiency, renal failure, and concomitant CABG were predictors of in-hospital mortality. Use of hemiarch replacement and antegrade perfusion were negative predictors of mortality (Table 5) .
Mixed Model Approach
From our mixed model approach, correcting for the site of the operative procedure, we identified renal failure, age >70 years, and concomitant CABG procedure as predictors of mortality, whereas a hemiarch procedure and antegrade cerebral perfusion were negative predictors of mortality (Table 6 ). More importantly, mortality was less likely for patients undergoing operation in later years (odds ratio, 0.938; P ¼ .03). In other words, the reduction of mortality over time we observed in our main analysis was not related to an unintentional bias created by the inclusion of hospitals that joined the database in the later years.
DISCUSSION
Multiple advances in operative management in cardiac surgery have occurred since the initiation of IRAD in 1996. As the largest registry of acute aortic dissections, IRAD was the ideal database to evaluate trends of such advances as well as identify any potential changes in mortality after aortic repair.
The percentage of valve-sparing operations increased over time. Preservation of the native valve has several advantages, including freedom from anticoagulation therapy, and increasing evidence of a lower rate of valverelated compications. [7] [8] [9] [10] However, extended operative times are required by valve-sparing procedures, in particular in those patients who also require complete arch repair, carry the risk of longer cardiopulmonary bypass time, which may explain the lower frequency of valve-sparing procedures in earlier time periods. Improvements in circulatory management approaches may have contributed to the observed rise in valve-sparing procedures, although the true reasons remain unclear. The frequency of valvesparing procedures increased, but overall use was similar between the Yacoub remodeling and David reimplantation approaches. There have been many shifts in preference between these 2 procedures, and selection criteria are poorly defined. In addition, many surgeons have developed their own preferences over time. 11 When aortic valve replacement was required, we observed a trend in increased use of xenograft biological prostheses with a concomitant decrease in mechanical valve substitutes. This phenomenon may be explained by the improved longevity of current era biological valves as well as improved reported results of reoperative surgery for failed prosthetic aortic valves. 12 It is interesting to note that the use of surgical glue has declined. Although no survey of participants was obtained to determine the reason for its decrease, a potential explanation could relate to its perceived toxicity. Of the numerous surgical glues, BioGlue (albumin and glutaraldehyde [CryoLife Inc, Kennesaw, Ga]) is most commonly used. However there has been concern over glutaraldehyde toxicity, as well as the risk of adhesive embolization. 13, 14 Moreover, there have been several articles suggesting that BioGlue is less compliant than other sealants, such as synthetic surgical glue. 15, 16 Such controversy may have contributed to the decreasing use of surgical glue identified in this study.
Extended arch repair, which included partial and complete arch repair, was used in more than one-third of patients. Recent developments support increased safety of these operations without increasing operative mortality and morbidity compared with hemiarch replacement. 17 However, complete arch replacement showed no significant change over time within the IVC database, whereas partial arch repair was utilized less in more recent years. HCA is used on the basic premise that hypothermia depresses cerebral metabolism enough to allow a safe period of total circulatory arrest, thereby preventing functional or organ injuries after surgery. 18 HCA is also used when constructing more limited arch replacement (eg, open distal anastomosis or hemiarch) to allow for a more complete resection of the aorta without need to address branch vessel regions. However, a key concern with its use in aortic dissection repair is duration. As the duration of HCA increases, morbidity and mortality markedly increase. [19] [20] [21] The 2 approaches of retrograde cerebral perfusion and antegrade cerebral perfusion have been largely used (>80%) to reduce the incidence of neurologic injury with protracted HCA times. Retrograde cerebral perfusion delivers oxygenated blood from the cardiopulmonary bypass circuit into the superior vena cava to provide cerebral perfusion in a retrograde fashion, whereas antegrade cerebral perfusion directs blood to the arch vessels to perfuse the brain in an antegrade manner. Although once widely used, the ability of retrograde cerebral perfusion to oxygenate the brain has been questioned, and there has been little evidence to support a significant level of neuroprotection. 22, 23 Within the IVC database, when cerebral perfusion was used, the increased proportion of antegrade cerebral perfusion and concomitant decrease in retrograde cerebral perfusion align with the current understanding of the effectiveness and neuroprotection of antegrade cerebral perfusion and retrograde cerebral perfusion. The increased use of antegrade cerebral perfusion observed in the IVC database might be performed in conjunction with moderate temperatures in an effort to avoid complications of prolonged deep HCA. 23 Most importantly, a significant reduction of in-hospital mortality was observed over 20 years (from $ 18% to $ 12%). The results improved despite increasing the complexity of aortic repair. A possible hypothesis is that the observed trends of improved perfusion strategies and organ protection, as well as increasing experience, likely contributed to a reduction in in-hospital mortality. Similar findings were identified in an analysis of the Nationwide Inpatient Sample by Knipp and colleagues. 24 The limitations of their database revolve around the lack of clinical variables, which are robustly populated in IRAD-IVC. Future studies will focus on potential sources of these improved outcomes.
As with all observational studies, there are some limitations to this study. Our patient cohort was treated in specialized aortic centers, and may therefore differ from the general population. Therefore, extrapolation of our results to other hospitals may not be valid. Furthermore, diagnostic image acquisition at IRAD centers and referral centers is not protocol-driven, and various types of data acquisition techniques may have been used. Nonetheless, the criteria within IRAD centers regarding diagnostics are strict and experienced physicians evaluate all imaging data.
CONCLUSIONS
There have been significant changes in operative strategy over time in the management of TAAD, with more frequent use of valve-sparing procedures, bioprosthetic aortic valve substitutes, antegrade cerebral perfusion strategies, and HCA. More important, a significant decrease of inhospital mortality was observed during the 20-year timespan.
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